Currently the computational modelling tools, expert algorithms for image segmentation and three-dimensional printing devices have improved the process of manufacture of customized pieces in the context of automation of prosthesis modelling. Among several strategies to obtain the correct shape of a missing bone part, we explore a modelling method based on geometric features defined by Bezier cubic curves. The data is obtained from sets of slices of tomographic scans as a reference. From the images, we know about data from the edges in the image but we do not have any information about a missing area in a specific bone region. Thus, the objective is to search patterns for features whose values are known from similar tomographic image which matches to fill a hole in a bone. Due the free form of a bone there are a lot of parameters to be evaluated. Thus, a Data Mining approach is applied for classification and to discover the best features as shape descriptors. In this way, the prosthesis manufacture can be automated in all stages among image scanning and printing.
INTRODUCTION
Actually, in the context of intelligent factories, a lot of processes are able to be handled without human interaction. The specialized knowledge are embedded into smart devices that are capable to learn and adapt themselves according to the parameters of a problem that are constantly changing. Extrapolating the automation of an industrial plant, some other important problems are present in real life where the development of a product needs to be personalized, as in the case of anatomic human prosthesis in medicine area. Thus, some medical applications can be automated in whole or part of a process. A new trend is present in product development for medicine by using of the 3D printers to produce moulds, scaffolds, tissues and anatomic prosthesis pieces. However, the modelling of a piece that matches with a missing area in a bone can be a hard task to the CAD (Computer-Aided Design) systems due the design of a complex geometry. For sure, for develop some level of automation it is needed an interface layer between the final product and the conceptual model. In this way, this research intends to contribute with a fundamental support between the identification of a complex geometry of a bone (or failure in) and its respective virtual model by a computational IA based solution. The aim is to produce an anatomic piece of prosthesis model without human handling during the phase of measures calculation of irregular bone surfaces. This kind of approach was recently explored by [1] , and now we adapted such idea for a general propose. The Bezier Curves [1,2] can be applied to fill open edges in tomographic images. But to find the solution is not simple, because it is necessary look for the best parameters among a wide set of data. The free form of bones geometry [3,4,5] is a recurrent problem to modelling in CAD. The quality of the parameters, i.e. those all with the minor error possible, is essential to maintain the aspect ratio of a prosthesis according the similarity of the respective bone shape. To perform this, many optimization algorithms as [6, 7, 8] can be applied to evaluate a fitness function to generate automatically a convenient answer, whose error should be than smallest as possible.
THE STATEMENT OF THE PROBLEM
The conceptual idea is to provide a "virtual transplant" between sections from different images in order to compose a final reconstructed image. This is an important issue when the original image, for example, a bone imagens from CT contains failure and it is needed to be filled by a prosthesis. A pixel-to-pixel comparing, in order to look for by compactible image fragments whose shape matches to fill a missing area in a bone is unfeasible because the large amount of data to be processed. This processing problem can be circumvented by decreasing the total number of points (i.e. image coordinates) to be compared. Thus, the approach proposed by [1] based on geometric descriptors looks like feasible. With a small set of points, for instance 4 points, we can represent a semi-arc whose curvature matches with portions of rounded shapes, as the contour of the femur bone. In order to provide a possible solution for descriptors creation and use them for searching compactible images in database, we proposed a method with three main steps: (i) image processing, (ii) descriptors selection and database retrieval, (iii) modelling in CAD. These steps and respective sublayers are presented following in the next section.
PROPOSED METHOD
The research proposes a method to build the virtual 3D models by automatic detection of corresponding features among 2D similar images. The method must be based in artificial intelligence (A.I.) or machine learning strategies as the kernel of a specialized system [8, 9] . The CAD system is the engineering modelling interface applied to build the geometric models profiles in the preparing phase before prosthesis printing. 
Layer 1: CT Image Processing
The first layer contains the necessary steps to application of the image processing algorithms in order to provide the segmentation of bone in each 2D slice image. All operations are made over segmented image. The threshold operation makes the conversion from grey scale to binary image (i.e. to black & white) and in sequence it is applied the edge detection. Those all operations can be performed by FIJI software [10] .
It is an open source Java based system for medical image analysis containing a set of toolboxes (as filters, morphological operations, and so on) in order to handle the CT slices from DICOM file format [11] . The operations performed over images are relatively simple and very know in image processing, thus it won't be addressed in this text. Additional information can be obtained, for instance in [12] .
Layer 2: Selection of the Geometric Features
In this step we look for by the geometric features [1]. In our case the features are descriptors who permits to define the curved shape of femur bone. The descriptors are the reference points to build a Bezier curve of degree n with n+1 control points, where there are two endpoints (fixed points) and two variable points to be find. These points define the flatness of generated curve. A model is presented in the figure 2. The Bezier curve with degree 'n' represents the polygon formed by the n vertices , , … , is so called "control polygon" [13] . In the proposed method we constructed the control polygon for each edge section Si, where i is an arbitray number of sections. Thus, each section Si is formed by an arc of the Bezier Curve , where α is the angle for each P point in the polar coordinates system. In this way, the curve for each arc Si is given by a Bi array as presented in equation 1.
Where i is the section number and also sets the first Pi point in each section; and j is the sequential number of each variable point. For example, for i = 5 sections we have 6 fixed points P and 10 variable points q. The points labelled by uppercase P are the fixed points which lies on image edge. The points labelled as lowercase q as the variable points. Thus, the P points are found by polar coordinates on edge, and the q points must be calculated by the following algorithm:
1. For each ct slice do 2. Define the P points // on edge by polar coordinates 3.
Use Pi and Pi+1 as starting and ending point 4.
Do // for each section Si 5.
Determine the qj and qj+1 values 6.
Generate the Bezier Curve Bi ={Pi , qj ,qj+1, Pi+1} 7.
Calculate the fitness for P and q values 8.
while fitness > error 9.
save P and q coordinates
next i , j
The presented algorithm is executed for each CT slice. As stated by algorithm, it defines the length of arc to be generated by the Bezier curve. The size is defined by the segment between Pi and Pi+1. Then for each section determine the variable points q. those all of q points for each edge section must be estimated by evaluation of a fitness function. The best q points whose values define the best adjusted arc can be evaluated by some force brute technique or by optimization strategies as in [8, 9] . In figure 2, the solid blue line is the answered Bezier curve; the solid green line is the bone edge. The quality of the adjust depends of the difference between both of them. A fitness function is applied to evaluate the distance between original and built curves, and the error of adjustment (as indicated in red in figure 2) must be evaluated because it influences in the final quality of 3D image. A fitness function measures de difference between image edge Si and the respective Bezier curve Bi. The algorithm stops when the fitness is less or equal the required precision (error). We can define the number of P points according the precision wanted. According [14, 15, 16 ] the data mining is the analysis step for knowledge discovery in databases where the objective is to find response variable based on the forecast variables. Such variables, as for instance, distances and coordinates for the fixed and variable points can be classified by a decision tree, where the idea is to create the classification model whose function is to predict the classification of a set of values. In this way it is possible to find all similar values that matches with candidate solutions.
Layer 3: Modelling in CAD
A CAD system is the essential tool as the last step of our process, because it performs the virtual modelling of the prosthesis piece and convert the model to the profiles used in machining or printing [17, 18] . The method's strategy is to fill each CT, slice by slice, and after reconstruct the solid based on the curvature's features. Thus, a resulting 3D image is built by CAD commands, as the 'loft' for instance. Due to the geometrical complexity of the individual human bones, these geometric features that have been automated extracted from images, become a fundamental interface between the problem's identification and its respective manufactured piece. The new created surfaces by superposing from each solution found in database can be transformed into a solid geometry [19, 20] . For sure, a virtual implantation of part of images inside other images will generate some error level. Thus, a medical team should examine, with aid of CAD system, if it is suitable to be implanted in the patient.
CASE STUDY
We handled a set of CT images from a femur bone in order to build a random synthetic failure on a testing region in the bone surface. The edge from individual slices were cut in sequence to build a hole and a new image was reconstructed by FIJI software [11] . Thus, after 3D reconstruction it is obtained a synthetically built failure in bone femur as the example in figure 3. After the set of Bezier parameters found in the testing slice, the method performs a scanning task in an image database containing a lot of the files from other CT exams in order to look for a compatible intact image, i.e. with closed edges in the wanted section from a different individual. The table 1 shows a testing slice number #137 and the respective found images compatibles with Bezier descriptor whose error value are minimum. In this test, we used the same femur image in database, with its original characteristics (without failure) but excluding the testing slice. Thus, the candidate compactible images are in the neighbourhood of the reference testing slice. As demonstrate in Table 1 , by the morphological characteristics among human's bodies, we can to delimit the searching space in database to the same range from slices around the area of defective bone, from another symmetric bone from same individual or even from another person. The figure 5 shows in (a) the best match between slice #137 and slice #136 and in (b) the worse one between the same slice #137 and #140. The error is the minimum difference in pixels between original image and its respective solution.
Following the same strategy, the algorithm found the compatible images for each one of all fifteen CT slices, as presented in table 2.
(a) (b) Figure 5 . Example of (a) Best and (b) worse matches among all answers returned by the algorithm. The Table 2 presented the compatible CT slice, whose shape is more similar as the original slice. 
CONCLUSION AND FUTURE WORK
This paper presented its contribution in the prosthesis modelling context by application of Bezier Curves as bone shape descriptors. In order to demonstrate if the proposed method is feasible, we prepared an image test by sectioning a femur bone within a range with a handmade cut in image to simulate a failure. Through descriptors whose coordinates describe the shape curvature we can reduce the wide quantity of pixels, for a smaller array of points. In this way, the method needs to look for a compactible CT image in a database from a smallest set of data.
The main limitation is that should exist a similar compatible CT image in database; for example, is not possible find an answer if the bones image in database have different sizes in relationship the testing image, as in the case of different ages or length of recorded people.
The text shows that we are capable to produce a visualization of 3D geometric model. But, this model still can be explored to print moulds and scaffolds whose applicability we are going to explore as a future work. 
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